Six new triterpenes, saponaceolides E (1), F (2), and G (3), and saponaceoic acids I (4), II (5), and III (6) were isolated from the fruiting body of the fungus Tricholoma saponaceum, and their structures were elucidated on the base of extensive NMR experiments. Compounds 1 and 2 exhibited inhibitor activity against B16 and L929 cells.
As part of our ongoing study of biologically active compounds from higher mushrooms, 1) we have investigated Tricholoma saponaceum collected in Nagano prefecture, Japan. T. saponaceum (Tricholomataceae) is an edible mushroom with bitter taste, it mainly grows under broadleaf and coniferous trees.
2) De Bermardi et al. 3) have reported the isolation of four unique triterpenoids, saponaceolides A-D from Italian T. saponaceum. The 70% EtOH extract of the fruiting bodies afforded novel triterpenes, saponaceolides E (1), F (2), and G (3), and lanostane triterpenes, saponaceoic acids I (4), II (5) , and III (6), along with known compounds, saponaceolides A (7), B (8), 3) trematenolic acid (9), 4) and steroids, 5a,8a-epodioxy-(22E,24R)-ergosta-7,9(11),22-triene-3b,5a,6b-triol (10), 5a,8a-epodioxy-(22E,24R)-ergosta-6,22-diene-3b-ol (11), 3b-hydroxy-(22E,24R)-ergosta-5,8,22-trien-7-one (12), (22E,24R)-ergosta-7,22-diene-3b,-5a,6b-triol (13), 5) 5a,8a-epodioxy-(22E,24R)-ergosta-6,22-diene-3b-ol 3-O-b-D-glucopyranoside (14), 5a,8a-epodioxy-(22E,24R)-ergosta-6,9(11),22-triene-3b-ol 3-O-b-D-glucopyranoside (15). 6) This paper describes experimental evidence that has led to the structural and stereochemical assignments of 1-6.
Saponaceolide E (1) was obtained as an amorphous powder, and its IR spectrum showed hydroxyl (3420 cm Ϫ1 ) and carboxyl (1745 cm ϩ indicated eight equivalents of unsaturation, one of which accounted for a carboxyl group. The NMR data indicated that 1 was analogous to saponaceolide A (7).
3) The full assignments of protons and carbons could be completed by the detailed analysis of distortionless enhancement by polarization transfer (DEPT) and two dimensional (2D) NMR, including 1 H-1 H correlation spectroscopy (COSY), 1 H-detected multiple quantum coherence spectrum (HMQC), 1 H-detected heteronuclear multiple bond correlation spectrum (HMBC), and rotating frame nuclear Overhauser and exchange spectroscopy (ROESY) experiment (Table 1) . NMR spectral comparison of 1 with that of 7 showed that the difference occurred for the chemical shifts of protons and carbons at the C-7-C-11 and C-15 positions. The upfield shift of H-8 (d 6.73) was brought about by the disappearance of the anisotropic effect of the CϭO group at C-15, implying a Z configuration of the double bond at C-8(9). However, the configuration of the hydroxy group at C-10 was undecided. The 13 C-NMR shifts for the remaining carbons of 1 were in good agreement with those of 7. Thus, the structure of saponaceolide E was formulated as shown for 1.
Saponaceolide F (2) showed a [M(C 30 H 44 O 7 )ϩNa] ϩ ion peak at m/z 539.2982, differing from 7 by 2H. The 1 H-NMR spectrum of 2 exhibited the same features as 7, the only differences being the appearance of one olefinic proton at Table 1 . Namely, the HMBC experiment defined two double bonds located at the C-7 and C-9 positions. The stereochemistry of the C-7-C-8 double bond was confirmed to be E by the chemical shifts and coupling constants. Thus, the structure of saponaceolide G was formulated to be as shown for 3.
Saponaceoic acid I (4) showed a molecular-related ion peak at m/z 495.3455 [MϩNa] ϩ in the HR-FAB-MS, corresponding to the molecular formula C 30 H 48 O 4 . The 13 C-NMR spectrum for 4 closely resembles tramentenolic acid (9), 4) that is, seven methyl groups, one oxymethine at d 78.2, and one carboxylic acid at d 178.3. However, both compounds differed in the side chain (C-22-C-27), which in 4 is com- spectrum. 7) The 13 C-NMR spectral comparison of 6 with that of 5 showed that 6 differs slightly from 5 in the side chain, in which the chemical shifts for C-24 (d 75.2), C-26 (d 110.3), and C-27 (d 18.8) were indicative of the 24R configuration in 6.
7) Therefore, the structure of saponaceoic acid III was determined to be 3b,24R-dihydroxylanosta-8,25-dien-21-oic acid.
Biological evaluation of saponaceolides E (1) and F (2) was conducted with B16 and L929 cells. 8, 9) Compounds 1 and 2 exhibited the same activity of 10 mg/ml and 1 mg/ml with IC 50 values, respectively.
Experimental
General Experimental Procedures Optical rotations were taken on a JASCO DIP-360 polarimeter. IR spectra were recorded on a Hitachi IR-27G, and NMR spectra were run on Varian UNITY 600 or JEOL GSX-400 spectrometers in C 5 D 5 N solution, using tetramethylsilane (TMS) as an internal standard. NMR experiments included COSY, HMQC, HMBC, DEPT, and ROESY pulse sequences. Coupling constants (J values) are given in Hz. FAB-MS (Xe gun, 10 kV, triethylene glycol as the matrix) were measured on a JEOL JMS-HX-100 mass spectrometer. Si gel 60 (230-400 mesh, Merck) and Si gel 60F-254 (Merck) were used for column chromatography and TLC, respectively.
Plant Material The fruiting body of Tricholoma saponaceum was collected at Nagano, Japan, in Autumn 2000. A specimen (TB 2085) has been deposited at the Herbarium of the Department of Pharmacognosy, Tokushima Bunri University, Tokushima, Japan.
Extraction and Isolation The fresh fruit bodies (1.15 kg) of T. saponaceum were extracted with 70% EtOH at room temperature for 6 weeks. The ethanolic extract was partitioned between EtOAc and H 2 O. The EtOAc soluble portion (7.1 g) was repeatedly subjected to silica gel column chromatography with [(CH 3 ) 2 Table 1 . Medium Complete E-MEM medium (Nissui Pharmaceutical Co., Ltd., Japan) containing 100 units/ml penicillin, 100 mg/ml streptomycin, 25 mg/ml anfoterin B and 0.3 mg/ml L-glutamin was used throughout the study.
Cells The cancer cells B16 and L929 were maintained in the E-MEM supplemented with 10% heat-inactivated fetal bovine serum (FBS, Gibco BRL, U.S.A.). Cells were cultured in the medium at 37°C in a humidified atmosphere of 5% CO 2 and 95% air throughout the study.
Cytotoxic Assay B16 and L929 cells in the exponential growth phase were plated in 96-well flat-bottom microplates at a density of 1ϫ10 3 cells per 100 ml in each well with various concentrations of test compounds. After 96 h culturing, cell growth was measured by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method. Test compounds 1 and 2 dissolved in dimethyl sulfoxide (DMSO) were used.
